The generation, under self-assembly conditions, of coordination polymers on surface based combinations of a terpyridine-antracene-pyridine based tecton and Co(II) or Pd(II) cations is primarily governed by the coordination geometry of the metal center (octahedral and square planar respectively). While the octahedral Co(II) based polymer self-assembles in insulating films exhibiting randomly oriented crystalline domains, the planarity of Pd(II) based polymers leads to the formation of conductive π-π stacked fibrillar structures exhibiting anisotropically oriented domains. In the latter case, the favorable Pd-Pd and anthracene-anthracene wavefunction overlaps along the fiber direction are responsible for the large electronic couplings between adjacent chains, whereas small electronic couplings are instead found along individual polymer chains.
Introduction
Self-assembly involving suitably designed organic ligands and metal ions represents an effective strategy for the fabrication of novel materials exhibiting sophisticated structural motifs.
1 During the past years, numerous one-(1D), two-(2D), and three-dimensional (3D) coordination polymers have been generated by combining transition metal templates with mono-, bi-or multidentate organic spacers featuring different rigidity. 2 The major research focus on such compounds has been oriented towards the generation of porous architectures for gas storage and sensing. 3 However, the knowledge gathered on the exploration and exploitation of their electrical properties is still relatively poor, 4 although recently it was demonstrated that metals can efficiently mediate conjugation pathways between organic molecules, leading to new materials with impressive electrical properties, such as conductivity higher than that of organic conductors 5 and remarkable thermoelectric properties. 6 By exploiting the modular nature of self-assembly, a judicious choice of the components such as metal ions, peripheral ligands, and modular bridging ligands offers a direct route towards the tailoring of the overall structure in terms of geometry, distance and electronic interaction between the metal centers in a versatile way, enabling the emergence of interesting phenomena such as photoinduced processes, vectorial transport of energy or charges, charge separation and multiredox reactions. 7 The electrical properties of single stranded coordination polymers have been explored through the fabrication of electrical junction integrating between electrodes either a single molecule (break junction) 8 or ensembles of molecules grafted on solid conductive substrates forming monomolecular thin layers (electrochemical studies, mercury drop junctions, conductive atomic force microscopy junctions). 9 These methods are already quite popular, giving valuable information on the charge transport mechanisms at the molecular level. Nevertheless, they require relatively long preparation procedures, which are not always suitable for the integration of these materials in functional devices. Here we aimed to explore the possibility of employing a simple preparation procedure based on self-assembly approach, for which the supramolecular polymers are formed in solution, in order to carry out an investigation of their electrical characteristics at the "material"
level.
The most popular conductive coordination polymers consists of stacks of conjugated porphyrins linked by organic ligand such as pyrazine or 4,4'-bipyridine. 2a, 10 The conductivity of these 1D coordination polymers may depend on the interaction of the metal d-orbitals with the π* level of the bridging ligand, 4d although conductive properties ascribed to π-π orbital overlap of the organic ligands have also been reported for complexes in which layers are formed by stacking of macrocyclic moietiess. 11 We have recently shown that high conductivity in terpyridine-based coordination oligomers with a controlled length can be achieved, with charge transport most likely occurring via hopping. 9b In that case the oligomeric wires were chemisorbed edge-on onto conductive substrates and the metal coated tip of conductive atomic force microscopy (AFM) was used as counter electrode in order to measure the transport along the wire.
Here we investigate the electrical properties of similar yet polymeric compounds for which both d-π and π-π interactions may be expected, as potential functional materials, spontaneously assembled via physisorption on solid substrates. We have focused on coordination polymers obtained through combinations of the fully conjugated 4'-[10-[2-(4-pyridinyl)ethynyl]-9-anthracenyl]-2,2':6',2''-terpyridine (TAP) organic tecton and Pd(II) or Co(II) as metallic nodes.
The TAP tecton, bearing a monodentate pyridyl (py) and a tridentate 2,2':6',2''-terpyridine (terpy) divergently oriented coordinating poles, leads in the presence of metal ions to coordination polymers. 12 Furthermore, the presence of an anthracene moiety connecting the terpyridyl and the pyridyl units through two ethynyl spacers confers high conformational rigidity and an inline arrangement of the two coordinating poles. 12 Aiming at the construction of a 1D coordination polymer, the selection of a proper metal ion is crucial: 13 one may indeed envisage the use of octahedral dicationic metals associated with two coordinating anions occupying the apical positions, 14 or the use of square-planar metal centers. 15 Both strategies have been explored, by using Co(II) and Pd(II) metal cations, respectively. The deposition of a solution containing the Co(II) or Pd(II) cations and TAP tecton on highly oriented pyrolitic graphite (HOPG) led to the formation, at the solid/liquid interface, of 1D structures which were imaged in situ by STM. 12 The neutral complex formed by combining the TAP tecton with CoCl 2 led to straight nanostructures up to 400 nm long, which appeared in STM images as aligned and regularly spaced bright features corresponding to the Co(II) ions. These spots were not laterally correlated, but grew either as single anisotropic nano-objects or as tightly packed parallel wires separated by a variable distance. Differently, the use of the Pd(II) cation, by design, yields a polycationic 1D network.
Indeed, because of the dicationic nature of palladium center, its binding by the neutral ligand generates a charged square-planar assembling node formed by the palladium center and one terpyridine and one pyridine unit belonging to consecutive tectons. 12, 16 STM images showed in this case that the straight, parallel 1D wires obtained on graphite, were laterally correlated, because of the lateral intercalation of the counter anions leading thus to an overall a 2D neutral supramolecular array. 12 Because of the strong affinity for the graphite surface, molecule-substrate interactions play a key role in the assembly process and in the formation of linearly correlated structures. In the present work spontaneous molecular assembly is obtained in solution aiming to investigate the effect of different metal ions on the structural, and functional properties of similar coordination polymers. 
Results and discussions
The two coordination polymers are formed in solution (see Methods) and successively deposited on solid substrates into thin films. Upon complexation a suspension is formed due to the low solubility of the coordination polymers, so that the transfer to the solid surface is similar to the deposition of aggregate structures obtained by solvent induced precipitation (SIP) methods. 17 The morphologies of the two coordination polymers appear markedly different: differently from previously reported case, 12 since the coordination polymers are formed in solution and not assembled at the solid/liquid interface, the effect of the molecule-substrate interactions is negligible in this case. Therefore we expect intermolecular forces to play a major role in the self-assembly process of these coordination polymers macroscopic structures. The optical micrographs of the (CoTAP) n and (PdTAP) n polymers already show a remarkable difference between the two films deposited onto SiO 2 surfaces: the Pd(II) containing polymer displays micro-sized fibrillar features, whereas the Co(II) based compounds aggregate into grain-like structures ( Figure S1 ). A more detailed morphological analysis carried out by AFM showed that the film composed of (CoTAP) n consists of small globular aggregates with a diameter of ca. 10 -50 nm which are randomly spread over the substrate, (Figure 1 b, c) whereas the (PdTAP) n film is composed by interconnected fibrillar structures forming networks (Figure 1 e, f).
This markedly different morphology can be explained by considering the coordination geometry of the metal centers. In particular, since each TAP tecton bears two divergently oriented monodentate and tridentate sites and each Co(II) center behaves as a four connecting node, a 1D coordination polymer is generated through binding of Co(II) cations by four pyridyl units belonging to the terpy and py units of neighboring TAPs. For this coordination network, the presence of two Cl -anions in the axial positions leads to the octahedral coordination geometry around Co(II) cation. This geometry hampers an intermolecular packing which can be instead favored when a planar architecture such as the one of (PdTAP) n is formed, the later relying on the use of the tetracoordinated Pd(II) possessing a planar geometry to promote the generation of more packed structures (see supramolecular motifs in Figure 1 ). π-π interactions can indeed play an important role in controlling the packing or assembly of organic molecules, also in metal coordinated compounds. In many structural descriptions of metal-ligand complexes π-π stacking is invoked as a motif, where the most common π interaction is an offset or slipped stacking, i.e.
the rings are parallel displaced. As mentioned above, electron transfer processes taking place between adjacent molecules via two possible pathways, i.e. metal-π and/or π-π interactions, have been reported for other transitionmetal coordinated systems in literature. 21 The presence of strong aromatic units favoring the assembly of coordination polymers into supramolecular structures by π-π interactions was demonstrated in many cases to be a supplementary requirement for the conductivity of this type of compounds. 22 In the present case, it is likely that π-π inter-chain interactions play an important role in this respect. Below we report the results of theoretical calculations aiming at assessing intra-chain and inter-chain transport in the (PdTAP) n polymer.
In order to account properly for the +2 oxidation state of the metal center, two acetate counter ions acting as the outer coordination shell were flanked around the Pd(II) atoms. Calculations Although the diffraction spectrum is not sensitive to small displacements of single polymer chain with respect to its neighbor, we anticipate that inter-chain charge transport abilities (i.e. the charge transfer integrals) are very sensitive to even small (~0.1 Å) shifts. Here, for simplicity and because we are merely interested in qualitative trends, we consider only a perfect co-facial orientation (in two different arrangements) for the calculation of the inter-chain electron transfer integrals. Also, since in the lamellae direction the distance between neighbor polymer backbones is large (~5 Å), we focus only on transport along the π-stacking direction.
Two different segments of the polymer backbones have been extracted from the packing in Figure   3b : the first with neighboring monomers overlapping through the Pd-Pd metal centers and the second with neighboring monomers overlapping through the anthracene groups of the ligands, as depicted in Figure 5b , c. We stress that both types of contact are consistent with the packing arrangement shown in Figure 4 . In view of the confined character of the frontier MOs, the electronic couplings mediating hole and electron inter-chain diffusion have been computed for monomers. Here, for practical reasons, the two acetate counter ions are substituted with two negative (-1e) point charges, at a distance of 2 Å from the metal center, in line with earlier experimental data obtained for a similar ligand.
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The inter-chain charge transport ability is assessed by calculating the effective electronic coupling using an in-house adiabatic projective method, as applied to DFT/B3LYP electronic structure calculations (see Experimental section for more details). The frontier orbitals obtained for the monomer are reported in Figure S13 . Although compared to the explicit counter ions calculations the use of point charges leads to non-negligible changes in the absolute energies of the MOs, their shape and spatial (de)localization are hardly affected. Namely the molecular HOMO is mainly localized on the metal center and partly on the terpyridyl groups, while the LUMO is mainly localized on the anthracene and ligand pyridyl group. It is worth noting that a similar localization of the frontier orbitals is found for different configurations of the pyridyl group with respect to the molecular plane. As the electronic coupling primarily reflects wavefunction overlap, the model systems considered here are realistic.
The electronic coupling mediating charge transport in the π-stacking direction is very high for electrons, with t e reaching up to 190 meV when the anthracene groups are overlapping ( Figure   5c ). Likewise, a large and comparable t h value of ~180 meV is obtained for holes but now when the metal centers overlap (Figure 5b) . Hence, the electronic structure calculations suggest both high intermolecular hole and electron transport properties, mediated by Pd-Pd and anthraceneanthracene couplings, respectively.
Conclusions
In summary, we investigated the organization on surfaces of coordination polymers formed upon combining metal cations such as Co(II) or Pd(II) with an organic tecton based on an anthracene core bearing two ethynyl groups equipped with a pyridyl and a terpyridyl groups. We found that the formation of their supramolecular structures on SiO 2 surface is governed by the coordination geometry of the metal centers. In particular, the planarity of squared Pd ( The ab-initio calculations have been performed using the GAUSSIAN09 software 25 with periodic boundary conditions (PBC) with a monomer considered as a repeating unit of the coordination polymer and two acetate counterions. The ligand's structure has been optimized at the DFT level, using the B3LYP functional 26 and the 6-31G(d) basis set. 27 For the metal center the LANL2DZ basis set has been used, 28 as it consists of an effective core potential for heavy atoms. The intrachain hole and electron charge transfer properties has been then assessed as W/4 estimation of an infinite polymer chain coupling, where W is the bandwidth of the valence and conducting band, respectively.
The inter-chain charge transport has been estimated by calculating charge transfer integrals with the adiabatic projective method for calculation of transfer integrals 29 for π-stacked dimers of monomers extracted from the crystal systems using the GAUSSIAN09 software. The system is divided into fragments, in which an electron or hole is localized on a fragment, and can hop from one fragment to another. 30 The fragment calculations, performed by using DFT method (B3LYP 
